C O N T R O L L I N G O F F I C E NAME AND ADDRESS
12. REPORT D A T E A t higher photon energies work involving spatially resolved spectra has provided information on plasma ~t a b i l i t y .~ X-ray measurements with spectral, spatial, and temporal resolution have been made with Si ( L i ) detectors. 8,9,10
Manuscript submitted February 25,1982. Recently, h i g h resolution x-ray spectra above 1 keV have been obtained with 11,12,13 Bragg crystals and time-resol v i ng detectors.
TEXT will have a relatively complete set of diagnostic instrumentation t o measure the visible t h r o u g h x-ray range.
Data taken w i t h visible and UV spectrometers have a1 ready been reported. 14 This report covers i n i t i a l XUV and x-ray spectroscopic experiments which were performed in June 1981. Spectra consisting o f line emission from different elements in the plasma were obtained i n the 30 eV t o 7 keV (2-400 A)
range. Analysis yielded information on plasma composition a n d provided measurements of temperature and density i n the plasma. Figure 2 . Either the grazing-incidence g r a t i n g o r multiple crystal spectrographs can be mounted in a light t i g h t box which i s inserted into the vacuum housing. A f l a t , high-efficiency graphite crystal was used in the setup shown i n Figure 2 t o survey radiation emitted by the plasma i n the 1.9 t o 3.7 A range where KU r a d i a t i o n from Fe and Cr ions occurs. A 2x2 mm entrance s l i t was placed between the c r y s t a l a n d the plasma t o define t h e location o f the observed plasma.
RESULTS
Spectra were recorded on Kodak No-Screen f i 1 m.
The spectra obtained are described prior t o discussing plasma characteristics which are derived from them.
A. Spectra
The grazi ng-incidence g r a t i n g spectrograph was used t o obtain spectra from 0 , Cr, Fe, and N i ions. These d a t a were integrated over 23 consecutive shots. An atomic structure code" was used t o confirm the identification o f observed lines from Fe XVIII and Fe X I X and t o predict o s c i l l a t o r strengths f o r use i n plasma temperature estimates discussed below. Table IV gives the predicted wavelengths and osci 7 l a t o r strengths compared w i t h the observed wavelengths.
In general, r e l a t i v e i n t e n s i t i e s o f observed lines correlate w i t h t h e r e l a t i v e o s c i l l a t o r strengths. Lines w i t h o s c i l l a t o r strengths l e s s
than 0.06 were not observed.
A spectrum was obtained w i t h t h e curved KAP spectograph i n t h r e e shots. The s h o r t e s t wavelength observed i s b e l i e v e d t o be t h e resonance l i n e from
h e l i u m -l i k e 0 V I 1 (1s'-ls2p) a t 21.6 A.
A s e r i e s o f l i n e s a t wavelengths near 22 A a r e believed t o be t h e second order spectrum from Fe o r N i ions.
Additional spectra a r e needed t o v e r i f y these r e s u l t s . An 0 V I 1 l i n e a t 1623
A was observed w i t h a spectrometer which was used as a r a d i a t i o n monitor .
The f l a t g r a p h i t e c r y s t a l spectrograph produced a spectrum i n t e g r a t e d 14 over 43 shots which contains two f e a t u r e s shown i n Figure 5 . 
The band o f r a d i a t i o n a t t h e l e f t covers t h e wavelength range o f Ka r a d i a t i o n from Fe XXI t o Fe XXII. The o t h e r band corresponds t o Ka r a d i a t i o n from C r

X V I t o C r XVIII. Both o f t h e f e a t u r e s i n Figure 5 a r e unresolved because o f t h e f i n i t e entrance s l i t lased and, t o a l e s s e r extent, t h e wide r o c k i n g curve of t h e g r a p h i t e c r y s t a l .
For these reasons, t h e data were used o n l y t o show consistency w i t h other plasma temperature measuremen-s. Figure 6 shows the most abundant ionization s t a t e of Fe vs. electron temperature calculated using a coronal model. 24 The d a t a p o i n t a t Fe XIX obtained from 1 ines observed w i t h the grazing-incidence g r a t i n g spectrograph indicates an electron temperature of about 800 eV. T h i s value agrees w i t h peak electron temperatures obtained from electrical conductivity measure- The r e l a t i v e populations o f l e v e l s as a function o f e l e c t r o n density i n several ionization stages of Cr, Fe, and Ni have been published.25 Figure 8 uses some of these d a t a t o show the intensity r a t i o of Fe XIX transition vs.
electron density averaged over the l i n e o f sight. Transition probabilities were for several lines observed in the TEXT spectra. Film density ratios were used instead o f actual line intensi-( P1)-2s2p t i e s . I t was assumed t h a t the film and grating efficiencies a t the two wavelengths o f ratioed lines d o not vary much. These average densities integrated along the line o f sight agree approximately with the density determined by 2 mm microwave interferometry. 14 IV. FUTURE EXPERIMENTS The x-ray and XUV data collected t o date on film provide information which i s useful for designing instruments which will resolve radiation i n time and space. Temporal resolution of emission from individual ionization states is necessary in order t o measure the temperature and density changes in the plasma. Spatial resolution will permit the size and shape of the emitting volume t o be measured. A crystal spectrometer which can measure individual photon arrival times i s being designed. Later, a mechanical assembly which can rotate the spectrometer will a1 low measurements along different chords through the plasma t o be made. This arrangement will be used t o obtain the s p a t i a l d i s t r i b u t i o n of ions in t h e plasma. I n i t i a l l y , b o t h configurations will be set u p t o record individual lines. Spectral resolution on a single shot will be possible using position sensing detectors i n these instrument s.
Fe XIX IONS
V. SUMMARY Time-and space-i ntegrated spectra recorded with several spectrographs covering the 30 eV to 7 keV range showed t h a t oxygen, iron, chromium, and nickel ions were present in the TEXT plasmas. Line identifications were made w i t h the aid of a b i n i t i o atomic structure calculation^.^^ Transitions from many ionization stages were observed because of the changing plasma temperature throughout the discharge. Lines from Fe XIX were abundant in the XUV region and were used t o determine a coronal equilibrium electron temperature o f 800 eV. This i s consistent with electron temperatures determined from the x-ray d a t a and electrical conductivity measurements.
An average electron density o f 2x10 l3 cm-3 was determined from the line ratios o f several Fe XIX 14 This value agrees w i t h t h e value determined from microwave lines which are weakly dependent upon electron density i n the t o 10 ~t n -~ range.
i n t erf eromet ry .
Further time-and space-resolved spectral experiments are planned t o measure ionization and transport rates.
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